In order to study of diversity and classify agro-morphological characters under normal irrigation and drought stress in spring wheat cultivars, 20 cultivars were evaluated in the research farm of University of Tabriz, Iran. According to the results, significant correlation was found between grain yield and number of spikes per plant, number of tiller per plant, number of fertile tillers, spike length, root length, root number, root volume, root diameter and root dry weight under both conditions. Moreover, 1,000 grain weight and plant dry weight had significant positive correlation with grain yield under drought stress. Factor analysis detected four and two factors which explained 96.77% and 90.59% of the total variation in normal irrigation and drought stress conditions, respectively. In drought stress condition the first factor justified 69.52% of total variation and was identified as yield factor. The second factor explained 21.07% of total variation and represented the biomass and plant height factor. Cluster analysis was based on the four and two factors obtained. According to the amount of factors for clusters obtained under drought stress, 'Kavir', 'Niknejhad', 'Moghan 3', 'Darya' and 'Marvdasht' were identified as the most drought tolerant cultivars. Other cluster was comprised of 'Bahar', 'Pishtaz', 'Bam', 'Sepahan', 'Sistan', 'Pars' and 'Sivand' and was named as the most sensitive under drought stress. Tolerant cultivars identified within the study can be used for direct culture or as genitors in breeding programs.
Introduction
All the biotic and abiotic stress factors are reducing crop production nonetheless; drought stress is the most important factor limiting yield in agricultural systems in arid and semi-arid regions (Mollasedeghi et al., 2011) . Wheat (Triticum aestivum L.), as the most important cereal crop, is cultivated throughout the major agro-climatic zones of the world. World's wheat production was about 704 million tons in 2011 (FAO, 2011) . Iran is ranked as 14th in world wheat production. According to recent reports, wheat was cultivated on more than seven million ha and its total production was about 14.3 million tons in Iran, during 2010 -2011 (FAO, 2011 . The adaptability of wheat is an advantage, but drought, as the most important abiotic stress, is a major restriction to wheat and other agricultural production in arid and semi-arid regions (Delmer, 2005; Rajala et al., 2009) . On the other hand, world demand for grain of wheat, as a stable food crop, is constantly increasing. Thus, it is an urgent need to develop new genotypes and cultivars with traits that could not only tolerate serious drought stress at various stages of growth, but can also produce higher grain yield under drought stress conditions (Talebi et al., 2009) . Morphological and agronomic characters have a special role in determining the importance of each trait in regard to increasing yield, so these traits were used in breeding programs which led to introducing commercial varieties (Walton, 1972) . Different statistical techniques have been used in modelling crops' yield, including correlation, regression, path analysis, factor analysis, factor components and cluster analysis. Correlation coefficient is an important statistical procedure to evaluate breeding programs for high yield, as well as to examine direct and indirect contribution of the yield variables (Mohamed, 1999) . Factor analysis suggested by Walton (1972) has been widely used to identify growth and plant characters related to wheat (Moghaddam et al., 1998; Mohamed, 1999) . Therefore, a reasonable approach for categorizing the traits in the sample which contains the above variation necessitates the use of multivariable methods like factor analysis (Walton, 1972) . This method basically reduces a large number of correlated variables to a small number of uncorrelated variables or factors. This method has been used to estimate the components of yield, to extract a subset of identical variables, to identify the basic concepts of multivariable data, to recognize applied and biological connections among the traits, to reduce a large number of correlative traits to a few number of factors and to explain the correlation among the variables (Bramel et al., 1984; Zakizadeh et al., 2010) . Moghaddam et al. (1998) showed a negative correlation between plant height and grain yield. They attributed that to the lower number of grains/spike with the tallest wheat plants. Kumbhar et al. (1983) and Mohamed (1999) had shown that grain weight/spike, biological yield and number of spikes/m -2 were closely related to grain yield/m -2 . The differential relations of yield components to grain yield may be attributed to environmental effects on plant growth (Asseng et al., 2002) . Khayatnezhad et al. (2010) using factor analysis in his studies on durum wheat cultivars showed that the importance of factor coefficients characteristics of total and fertile tillers, main spike length, 1,000-seed weight and yield selected genotypes is desirable for dry conditions. Also, Gholamin et al. (2010) showed that the importance of factor coefficients characteristics of fertile tillers, grain weight, seeds' weight and harvest index selected genotypes is desirable for dry conditions. Walton (1971) used the factor analysis to identify growth and morphological traits relevant to yield in spring wheat and introduced four 666 factors which included yield components, morphological traits, spike length and the number of grain per plant.
Cluster analysis can be used to identify variables which can be classified into main groups and subgroups based on similarity and dissimilarity. This technique is useful for parental selection in breeding programs (El-Deeb and Mohamed, 1999) and crop modelling (Jaynes et al., 2003) .
The objectives of this investigation were to evaluate the relations of different characters and to identify effective factors for yield improvement in spring wheat cultivars, thus grouping the tested cultivars according to the achieved factors under normal irrigation and drought stress conditions.
Materials and Methods
Twenty cultivars of spring wheat such as 'Mahdavi', 'Pishtaz', 'Bam', 'Sistan', 'Zargros', 'Marvdasht', 'Sepahan', 'Aflak', 'Arta', 'Arg', 'Sivand', 'Pars', 'Bahar', 'BC Roshan', 'Kavir', 'Niknejhad', 'Darya', 'Morvarid', 'Roshan' and 'Moghan 3' were cultivated in a split plot basis of randomized complete block design with four replications, under two different conditions (normal irrigated and no irrigation after booting stage) in two years (2010-2012 and 2011-2012) , at Research Farm of University of Tabriz, Iran (latitude 38.03°N, longitude 46.17°E, altitude 1,360 m above sea level. The climate is characterized by mean annual precipitation of 330 mm and mean annual temperature of 9.8 °C. All plots used were plastic tubes with 20 cm diameter and 1 meter length, full with mixed loam soil. Sowing was done by hand in plots with three plants per plot. All plots were irrigated at sowing time and subsequent irrigations depending on the treatment were carried out after booting stage for I1, as normal irrigation, and without irrigation for I2, as drought stress. Weeds were controlled by hand during crop growth and development.
Morphological and agronomic traits such as the plant height (cm) (PH), plant dry weight (gr) (PDW), number of tillers per plant (NT), spike length (cm) (SpL), number of fertile tillers per plant (NFT), number of roots (RN), length of root (cm) (RL), volume of root (ml) (RL), root dry weight (gr) (RDW), root diameter (mm) (RD), number of spikes per plant (NSp), grain per spike (NGSp), 1,000 grain weight (gr) (1000 GW) and grain yield (gr) (GY) were measured at the end of the growth stage. Finally, mean of data used for analysis and simple linear correlation coefficients were computed, then factor analysis on the base of major factors analysis and varimax rotations was done on the data. The factors which had a root bigger than one were selected and were used to form factorial coefficients matrix (Sharma and Choudhary, 1985; Talebi et al., 2009) . Also Eigen values, percent variance, variance and cumulative percentage shared by each of the extracted factors were calculated. Finally, cluster analysis was performed according to values for all cultivars on the basis of selected factors. Data were statistically analyzed with SPSS software.
Results and Discussion
The results of analysis of variance (Table 1) showed high significant differences between cultivars (P < 0.01) for all traits, except for root volume and root dry weight, which were significant in probability level P < 0.05. Also, differences between normal irrigation and drought stress were significant for all of traits under study. Results indicated that there was a high variation for all traits, which revealed the presence of genetic diversity for these attributes. Therefore, these traits have good potential for identifying the most tolerant and most sensitive cultivars for using as genitors in crosses and create genetically variation or selecting some for direct culture.
Correlation analysis
According to the results of the correlation, significant correlations were found between grain yield and number of spikes per plant, number of tillers per plant, number of fertile tillers, spike length, root length, roots number, root volume, root diameter and root dry weight under both conditions (Tables 2  and 3) . Moreover, 1,000 grain weight and plant dry weight had significant positive correlation with grain yield under drought stress (Table 3 ).Whereas correlation between 1,000 grain weight and number of grain per spike was negative, with significant differences among the two conditions in the experiment. Correlation analysis showed that root traits were positive and significantly correlated together under the two conditions. Further, the number of tillers with the number of fertile tillers and number of spikes per plant had significant positive correlation under normal irrigation and drought stress. Plant height was positively correlated with plant dry weight under both conditions. Also spike length showed positive and significant correlation with the number of grain per spike under normal irrigation and drought stress.
The analysis of correlation among different traits with grain yield can indicate the relative importance of these traits and their merits as selection criteria (Agrama, 1996) . Various studies showed that grain yield of wheat was significantly correlated with 1,000 grain weight, the number of fertile tillers or spikes per plant and the number of spikelets per spike (Mohiuddin and Cory, 1980; Shanahan et al., 1985) . Moghaddam et al. (1998) reported that yield, 1,000 grain weight and the number of spikes per plant were correlated. In most of the previous studies, similar findings have been reported between yield and related characters such as the number of spikes, number of spikelet and 1,000 grain weight (Sharma and Rao, 1989; Subhani and Khaliq, 1994) . In the studies conducted by Sinha and Sharma (1979) and Belay et al. (1993) , yield was positively correlated with yield components, with either positive or negative correlation between yield and plant height.
Factor analysis Studying the correlation coefficient among different characters makes it possible to decide more precisely about indirect selection indices and removing ineffective characters Weight, GY-Grain Yield; * and ** were significant at 5% and 1% probability levels from the selection criteria. Further, since coefficients of correlation by themselves do not provide thorough information about the relations between different traits, and given the various advantages of multivariate statistical analyses for deep understanding of data structure, factor analysis was used in the current study. By means of varimax rotation which maximizes the variance among the factors, those which justify more percentage of variations among the characters have had more importance and must be used for further study. Thus, the effective characters on each factor are identified and the factors are named according to the most effective characters (Harman, 1976; Sharma and Choudhary, 1985; Talebi et al., 2009 ).
For the current study, within factor analysis by means of major factors and on the base of specific numbers higher than 1, four factors were identified under normal irrigation and two factors were identified under drought stress (no irrigation) and they all together justify 96.77% and 90.59% of the existent variation among the characters, respectively (Table 4 and 5) . Under irrigation condition, the first factor which made 33.84% of the total variation was composed of the root length, roots number, root volume, root diameter and root dry weight. Therefore this factor was named as root factor. Factor 2, which accounted 33.04% of the total variation was composed of grain yield, number of tillers per plant, number of fertile tillers and number of spikes per plant and thus this factor was called as growth and yield factor. Factor 3, which accounted 15.16% of the total variation, included the number of grain per spike and 1,000 grain weight. Because these traits were related to grain, the third factor was named as grain factor. Factor 4, which accounted 14.73% of the total variation, was composed of plant height and plant dry weight and thus this factor was called as biomass and plant height factor.
On the other hand, under drought stress condition the first factor justified 69.52% of total variation and included the coefficient factors for all of traits except of plant height and plant dry weight. Therefore, this factor was identified as yield and effective traits on yield factor. Finally, the second factor was composed of plant height and plant dry weight and explained 21.07% of total variation. Thus this factor was called as biomass and plant height factor.
These coefficients showed that cultivars with higher values of these factors also had the highest values for traits related to their names. In general, factor analysis shows which yield components were associated with which morphological and agronomical characters. Gupta et al. (1999) studied 17 traits of 40 lines of advanced generations of wheat as well as 11 controls on the basis of a randomized complete block design and factor analysis; the researchers reduced these grain quality and yieldrelated traits to 5 major factors of maturity, spike attributes, grain attributes, protein quality and tillering (Gupta et al., 1999) . In another study on bread wheat cultivars, Dawari and Luthra (1991) revealed that harvest index, grain number per 352 Table 4 . Factor analysis for agro-morphological traits in spring wheat cultivars under normal irrigation spike and spike length were the main yield components and that a selection based on them could improve the yield. Also, Golparvar et al. (2002) reported plant height as the forth factor, Mohammadi et al. (2002) reported it as the fifth factor and Damania and Jackson (1986) reported it as the third factor, thus having a major significance in selection of productive genotypes.
Cluster analysis based on extracted factors
According to the importance of all traits for increasing grain yield and regarding the correlation between traits that was effective into different factors, it was possible to group cultivars on the basis of all factors under normal irrigation (Fig. 1 ) and drought stress (Fig. 2) . Also, according to the amount of factors for each group it can be concluded that cultivars may be classified within the drought tolerant or sensitive groups (Tables 6 and 7) .
Cluster analysis based on the four and two factors grouped the studied cultivars into three groups under normal irrigation and drought stress respectively (Figs. 1 and 2 ). Under normal irrigation (Fig. 1) , in the first cluster, five cultivars such as 'Kavir', 'Darya', 'Niknejhad', 'Moghan 3' and 'Marvdasht' were classified. Cultivars in this cluster had the highest rate with respect to first, second and third factors and the lowest value for the fourth factor. On this basis, it can be concluded that these cultivars have high yield and component yield, with best of root traits, whereas this group has the lowest height and the lowest dry weight. The third group comprised of 5 cultivars such as 'Sepahan', 'Bahar', 'Pishtaz', 'Bam' and 'Roshan'. Cultivars in this cluster had the lowest values for first to third factors and the highest values for the fourth factor. Thus, these cultivars had the lowest grain yield and component yield and the lowest values for root traits as well as the highest plant height and plant dry weight. The rest of the studied cultivars settle between these two clusters according to the values of the four factors.
On the other hands, under drought stress condition, the third cluster in the dendogram (Fig. 2) had 5 cultivars, similar to normal irrigation group, such as 'Kavir', 'Niknejhad', 'Moghan 3', 'Darya' and 'Marvdasht'. These cultivars were the most drought tolerant ones (Table 7) . Thus it can be concluded that these cultivars can be used in breeding programs for increasing grain yield. The third cluster comprised of 'Bahar', 'Pishtaz', 'Bam', 'Sepahan', 'Sistan', 'Pars' and 'Sivand'; these cultivars, according to the amounts of factors obtained, were named as the most sensitive under drought stress. The rest of the cultivars under study had middle values for the established factors (Table 7) .
Conclusions
The study has shown the existence of considerable genetic variation among the cultivars considered, that may help for further selection and breeding. Genitors may be selected from those clusters which had significant genetic distance in order to obtain valuable genetic recombination and transgressed segregation in the subsequent generations. Also, it might be suggested that the tolerant cultivars emphasized in the experiment are appropriate for direct culture in semidry regions.
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